INTRODUCTION
A landslide extends to a height of about 340 meters above Kodiak Harbor on the southeast flank of 388-meter-high Pillar Mountain, about 2 kilometers west of the center of the City of Kodiak, Alaska (Fig. 1) . The landslide involves thinly interbedded slate and impure sandstone (graywacke) of the Kodiak Formation of Late Cretaceous age. It is overlain on its lower slopes by a talus derived from this rock.
The landslide attracted special attention in 1971, when accelerated growth of the talus temporarily closed the shoreline highway. Subsequent investigation revealed the existence of the landslide in the bedrock (Kachadoorian and Slater, 1978) , and, following established procedure (U.S. Government, 1977) , the U.S. Geological Survey issued a Notice of Potential Hazard.
The main concern raised in the hazard notice was that at some future time a rock avalanche might descend Pillar Mountain and displace water in the harbor, possibly inundating part of the City of Kodiak. Former glaciers during the Pleistocene Epoch had oversteepened the face of Pillar Mountain, which now has a slope of about 45 , and fast moving landslides on such steep slopes elsewhere have been devastating (Keefer and others, 1978) .
After the notice was issued, the City of Kodiak established the Pillar Mountain Geotechnical Committee (Schaff and others, 1979) . The committee recommended several studies of the landslide. These included onshore geologic mapping, which delineated the main part of the slide and tension cracks at its head (Brown, 1980); and core drilling, which revealed weathered fractures to a depth of about 140 m at the center of the slide (Lappi, 1980) . The city requested assistance from the U.S. Geological Survey to evaluate the earthquake ground motions that might affect the landslide (Moore, Page, and Lahr, 1980) , and to conduct a marine-geophysical survey of the area offshore from the slide, which is the subject of this report.
Objectives of the offshore survey were (1) to help define the toe of the landslide; and (2) 
SURVEY METHODS
The Sea Surgeon, a fishing boat 12 m long chartered by the City of Kodiak, was used to collect the data for this survey on October 15 and 16, 1980. The boat maintained an average speed along the tracklines of 4.2 km/hr (2.3 knots), and a microwave navigation system on the vessel measured ranges from repeater stations set up along the shore. A computer processed the ranges and plotted the track on a chart recorder aboard the vessel. The precision of location is within about 5 meters for points plotted along the track (Fig. 1) .
Three acoustic-profiling systems used echoes at different sound frequencies to draw profiles of the seafloor and of the sediment layers below the seafloor.
The three systems, which in combination provided both good bed-to-bed resolution and moderately good subbottom penetration, had the following characteristics:
(1) electrically pulsed crystal (echo sounder) produced sound waves at a frequency of 200 kHz, with good resolution of the seafloor and negligible seafloor penetration; (2) pulsed crystal, frequency 3.5 kHz, resolution between subbottom layers 0.5 m, penetration 10 m; (3) electromagnetically pulsed metal plate, frequency 1 kHz, resolution 3 m, penetration 50 m. Records from the three acoustic systems were used to prepare true-vertical-scale longitudinal and transverse profiles of the area offshore from the Pillar Mountain landslide ( Fig. 2 and 3) .
A side-scan sonar was used to map the harbor floor between the profiles.
The sonar (100 kHz), which was towed amidships close to the hull, recorded seafloor irregularities out to a distance of 100 m on the port side of the vessel. Because the trackline grid has a spacing of about 100 m, the side-scan sonar saw most parts of the harbor floor, and it viewed some areas from several directions. (Lament, 1971) . The base of the sediment is a sandy gravel 2 to 8 m thick that rests directly on bedrock. Above the sandy gravel, the sediment is mainly silt.
The subbottom profiles show that many of the sediment layers in the bay-floor sediment are nearly planar, but locally they are folded and fractured ( Fig. 2 and 3) . Also, some subbottom reflectors cut across the reflections that are interpreted to be from the bedding. These crosscutting reflectors are believed to be low-angle shear surfaces. Prominent features of the deformed sediment in the harbor are several broad anticlinal ridges, generally parallel with the shore (Fig. 1) . These features are about 200 m wide and as much as 9 m high. They contain slightly arched but otherwise fairly regular internal stratification. They are underlain by crosscutting reflectors, interpreted to be shear surfaces (Fig. 2 and 4, line 30).
The regular internal stratification indicates that the ridges are not rubbly mounds of landslide material that moved downward from the face of Pillar Mountain and across the basin to their present position. They are also unlike constructional glacial features such as drumlins, which generally lack internal reflections on subbottom profiles.
I interpret the deformation of the harbor sediment as being related to push from the Pillar Mountain landslide (Fig. 5 ). Why the deformation should occur so far from the onshore landslide is puzzling. Possibly the deformation occurred during major earthquakes, when the bay sediment was being shaken at the same time that the onshore landslide moved slowly downward. 
